Reactions of (2-formylphenyl)mercury(II) bromide 10 with primary amines give mono-, bis-and trisSchiff base derivatives (11e18). Structures of the synthesized compounds show the presence of fivemembered intramolecular Hg/N interaction. Luminescence studies of the compounds have been performed. Attempts to use the synthesized compounds for binding neutral donor molecules or fluoride ions were unsuccessful.
Introduction
Arylmercury chlorides with in-built donor atoms, capable of forming 5-membered rings, have been extensively studied due to; (i) their applications in the synthesis of other organometallic compounds via transmetallation [1e9], (ii) observation of chirality due to mercury as a stereocentre [10, 11] , and (iii) luminescence properties [12] . o-Mercurated compounds with in-built N-donor functionalized aromatic ligands are known to exhibit Hg/N secondary interactions. The typical examples of o-mercurated halides with 5-membered Hg/N interactions include (Fig. 1) ; (2-(pyridin-2-yl)phenyl)mercury(II) chloride (1) [13] , (2-(phenyldiazenyl)phenyl)mercury(II) chloride (2) [14] , [2-(dimethylaminomethyl) phenyl]mercury(II) chloride (3) [15] , (2-((dimethylamino) ethyl)phenyl)mercury(II) chloride (4) [15] , o-mercurated ferrocenyl amines (6) [16e18], and imines (7) [19] etc. Although scores of organomercury halides having Hg/N intramolecular interaction are known in the literature, a search in Cambridge Crystallographic Database reveals that the structurally characterized bromide analogs are rare.
The intramolecular Hg/N/O interactions are generally weak. In some of these intramolecularly coordinated compounds, the mercury atom is out of plane i.e. slightly pyramidal and becomes chiral [10] . Our group has been interested in the study of weak Hg/N/O/Hg interactions and has investigated these by structural and theoretical studies [20e22] . We thought it worthwhile to systematically investigate the nature of Hg/N intramolecular interactions in a series of mono-, bis-and tris-Schiff base derivatives derived from 2-(formylphenyl)mercury bromide and also probe the presence/absence of mercury as a stereocentre. The bisand tris-Lewis acidic arylmercury bromides can also serve as suitable hosts for binding anions. In this paper we report the first isolation of an intramolecularly coordinated arylmercury bromide in enantiomerically pure form, which is chiral without a chiral center. We also report on the nature of Hg/N interaction in the synthesized compounds.
Results and discussion

Synthesis
Precursors 8 and 9 were prepared from 2-bromobenzaldehyde by following the literature procedure. (Scheme 1) [23, 24] . The reaction of the intermediate, (2-(1,3-dioxolan-2-yl)phenyl)magnesium bromide obtained from 8 with 1 equivalent of HgBr 2 yielded 9, which on subsequent reaction with p-toluenesulfonic acid monohydrate, gave 10. The synthesis of the mono-Lewis acidic Schiff bases 11e14 was accomplished by the condensation reactions of 10 with various monoamines (Scheme 1). Similarly, refluxing 10 with diamines and triamine led to the formation of a series of bis-and tris-Lewis acidic Schiff bases (15e18) (Scheme 2). Except the bisLewis acid derivative 17, which is yellow in colour, the other derivatives were obtained as off-white solids. The Schiff bases obtained are sparingly soluble in chloroform, acetone, DMSO and insoluble in alcohol. All the compounds are air-and moisture stable for weeks both in the solid state as well as in solution.
2.2. Molecular structures of 10, 11, 12, 13, 17 and 18
The molecular structure of 10 is depicted in Fig. 2a . Compound 10 crystallizes in P2 1 /c space group. The coordination geometry around mercury is T-shaped with C1eHgeBr bond angle being 177.8(3) ( Table 1 ). The intramolecular Hg/O distance is 2.820(9) Å. This is close to the value 2.824(7) Å reported for the corresponding chloro-analog of 10 [25] . It is interesting to note that the Hg atom in 10 exhibits both intermolecular as well as intramolecular interactions with oxygen atom of the aldehydic group. The intermolecular Hg/O distance (2.943(9) Å) is shorter than the sum of the van der Waals radii of mercury (1.73e2.05 Å) [13, 26, 27] and oxygen (1.52 Å) [28] . This intermolecular interaction leads to expansion along the c axis to give a one dimensional wavy network of HgeO bonds (Fig. 2b) .
Compound 11 crystallizes in orthorhombic crystal system with P2 1 2 1 2 1 chiral space group (Fig. 3) . The coordination geometry around Hg is T-shaped with C1eHgeBr bond angle of 176.6(4) ( Table 1 ). The slight deviation of C1eHgeBr bond angle from linearity can be attributed to the stronger secondary interaction of the imine nitrogen with mercury. The Hg/N distance of 2.685(12) Å is significantly less than sum of the van der Waals radii of mercury (1.73e2.05 Å) [13, 26, 27] and nitrogen (1.55 Å) [28] , however, considerably longer than the sum of their covalent radii (2.03 Å) [29] . It is also worth noting that the Hg/N distance of 2.685(12) Å is shorter than that observed in [2-(dimethylaminomethyl) phenyl] mercury(II) chloride (2.764(6) Å) [15] , and 2-chloromercuro-1-[(4-methoxyphenylimino)methyl] ferrocene (2.897(2) Å) [19] .
In similar compounds, chirality has been observed due to mercury being a stereocentre where mercury is out of the plane of surrounding attached atoms [10] . However, for compound 11, it is not the case and the mercury atom is coplanar with the atoms bonded to it. However, the phenyl ring bonded to N is not planar with the rest of the molecule and this conformation results in axial chirality. The phenyl ring bonded to N has a twist angle of 13.1 from the rest of the molecule. This twist is due to the a strong intramolecular coordination of the imine N to Hg. Due to this, the N atom is not in the plane with the N-phenyl ring of the molecule. The molecule has "P" chirality.
The molecular structure of compound 12 is shown in Fig. 4 . It is interesting to note that compound 12 exists as dimer in the solid state that gives rise to a 10-membered macrocyclic structure. The mercury atoms in the macrocyclic structure are 4-coordinated and have a distorted tetrahedral geometry. The expected linearity of CeHgeBr bond angle is lost and it has a value of 163.66 (16) . This deviation from linearity is highest in the series. This significant deviation from the linearity is due to coordination of the terminal nitrogen of one unit of the dimer with the mercury atom (N2/Hg# and N2#/Hg) of the other half of the dimer. Also it is noteworthy that the intermolecular Hg/N2# distance of (2.658(5) Å) is shorter than the intramolecular Hg/N1 distance of 2.776(6) Å in 12 ( Table 2) . Compound 13 crystallizes in triclinic crystal system with P-1 space group. It has two molecules in the asymmetric unit. In one of the two molecules, the propyl side chain is disordered over two conformations. The geometry around mercury is T-shaped in both the units and the N/Hg distances are 2.678(7) and 2.706(7) Å (Fig. 5a ). Similarly CeHgeBr bond angles have values of 179.4 (2) and 174. 4(3) . It is clearly evident that the higher deviation of CeHgeBr bond angle in one of the molecules of the asymmetric unit is due to the stronger coordination of the imine nitrogen to mercury. This forces the mercury to attain a bent geometry rather than the ideal linear arrangement. Apart from Hg/N interaction, Hg is involved in two types of Hg/Br interactions; a very weak Hg/Br interactions within the coplanar molecules of asymmetric unit (3.647(7) Å) and a stronger interaction with the adjoining coplanar group at 3.428(14) Å. The Hg/Br distance of 3.428 (14) Å is less than the sum of the van der Waals radii of mercury and bromine ( P vdW (Hg, Br) ¼ 3.59e3.90 Å), however, the Hg/Br distance of 3.647(7) Å is higher than the lower range of sum of van der Waals radii of mercury and bromine. It leads to the formation of a loosely associated tetramer. (See Supplementary Information Fig. S1 ). Compound 13 is also involved in intermolecular hydrogen bonding in the solid state through the interaction of alcoholic oxygen of OH group of one molecule with hydrogen atom of OH group of other molecule with the distances being 2.15 Å and 1.79 Å (Fig. 5b) .
The molecular structure of 17 is depicted in Fig. 6 . Compound 17 crystallizes in monoclinic crystal system with C2/c space group. Both the mercury atoms have nearly T-shaped geometry with C1eHgeBr and NeHgeBr bond angles being 175.8(3) and 112.54(7) respectively. The intramolecular N/Hg distance of 2.767(9) Å is highest among all the synthesized compounds. The two mercury atoms are at a distance of 4.019(8) Å from each other which is higher than sum of the covalent radii of mercury (2.64 Å) [29] but is closer to upper range of sum of van der Waals radii of 
One of the most remarkable features of the molecule is the conformation adopted about the imine bonds. In contrast to the expected coplanarity of imine groups with the phenyl ring, here again the imine group is rotated by 43 out of this plane. This is probably due to the intramolecular coordination of the imine N to the Hg.
The molecular structure of compound 18 is tripodal shaped (Fig. 7) . It crystallizes as a dichloromethane solvate in monoclinic crystal system with P2 1 /c space group. The Hg atoms are at a distance of 7.306(4)e7.561(2) Å from each other which excludes any weak Hg/Hg interaction between them. The Hg/N distances in 18 range from 2.661(11) Å to 2.717(13) Å. The Hg/N distances in the molecular structure of the synthesized compounds are less than the Hg/N distances of related bis(aryl)mercury(II) compounds such as bis(2-(pyridin-2 0 -yl)phenyl)mercury(II) (2.798(7) Å) [30] , bis(2-((dimethylamino)methyl)phenyl)mercury(II) (2.89(1) Å) [31] , bis(2-(((4-methylphenyl)imino)methyl) phenyl)mercury(II) (2.854(2) Å) [23] . The shortening of Hg/N bond distances in the synthesized organomercury bromides, demonstrates clearly that the electron withdrawing Br ligand strengthens the HgeN bonding.
Absorption and emission spectroscopy
The UVevisible spectra for all the compounds (10e18) were recorded in the solid state as well as in the solution state (3.5 Â 10 À5 M) at room temperature. In the solution state, the absorption spectrum for the precursor aldehyde, (2-formylphenyl) mercury(II) bromide (10) The solid state UVevisible spectra of the aldehyde 10 showed a broad peak at 351 nm. For Schiff bases having aliphatic chain attached to the imine nitrogen, the absorption maxima appeared in the range of 302e329 nm. For aromatic Schiff base 11, this absorption maximum shifts towards longer wavelength (387 nm), which may be a consequence of the increase in the delocalization of electrons.
The solution state emission spectra of the Schiff bases do not show luminescence which may be due to the quenching of the emission in solution. However, in the solid state, on excitation at l max of the respective compounds, weak luminescence was observed in the visible region. By exciting at 387 nm in solid state, the emission spectrum of 11 exhibits peaks at 422, 442, 483 nm. All the Schiff bases showed a weak emission band in the region of 400e500 nm.
Binding studies with electron rich molecules and F À ions
The presence of Lewis acidic centers in the synthesized compounds prompted us to study the binding of these compounds with electron rich molecules such as DMSO, acetone as well as fluoride anions. The UVevisible titrations of compounds (11e18) with fluoride ion did not show any significant binding. Also attempted complexation with acetone or DMSO was not successful. One of the reasons for the lack of binding of these compounds to electron rich molecules may be the partial gain in electron density on mercury by coordination with nitrogen. Also the reluctance of bis-and tris-organomercuro Lewis acids (15e18) to binding may be attributed to the large separation the mercury centers which cannot come closer to each other for proper binding with F À anions.
Computational studies
The geometry of the compounds were optimized with SDD basis set for Hg and 6e31g(d) basis set for the remaining atoms. In Table 2 Selected bond distances (Å) and angles ( ) for 12, 13 and 18. Table 1 . In case of 17 the HgeHg# distance in optimized geometry is overestimated by about 0.90 Å. This may be due to the crystal packing effect in the solid state as the calculations have been carried out in gas phase. However, on performing Atoms in Molecules analysis on the crystal geometry of 17, a bond critical point was located between the two Hg atoms indicating the presence of weak Hg/Hg interaction in 17 (See Supplementary Information Fig  S2) . The Hg/Hg interaction in 17 is weaker than mercurophilic interactions reported in the literature [32, 33] . We also investigated the nature of the secondary Hg/N intramolecular interaction. The NBO interaction energy for the compounds is in the order of 2.5e3 kcal/mol. The secondary Hg/N interaction arises due to the donation of electron density from the lone pair of nitrogen to the s* orbital of HgeC bond. A representative diagram showing such an interaction is shown in Fig S3 (See  Supplementary Information) .
The UVeVisible absorption spectral behavior by the compounds has been studied by TD-DFT calculations. TD-DFT calculations on gas phase optimized geometry revealed that the emission spectra exhibited by the Schiff bases are mainly due to transitions involving HOMO/LUMO or (HOMO-1)/(LUMOþ1) molecular orbitals. The prominent transitions along with the oscillator strength and wavelength are given in Table S1 (See Supplementary Information).
Conclusion
Compounds 11e18 are the first examples of Schiff bases synthesized from organomercury bromide 10. All the Schiff bases have imine nitrogen coordinated to the mercury center which perturbs the linearity of the CeHgeBr angle. The origin of secondary N/Hg interaction is the donation of electron density from lone pair of nitrogen to antibonding s* orbital of HgeC bond.
Compound 12 exists as a dimer in solid state and can be called as 10-membered metallamacrocycle. We were successful in isolating an intramolecularly coordinated arylmercury bromide (11) in enantiomerically pure form which has axial chirality. The molecule has "P" configuration.
Experimental
General experimental methods
All reactions were carried out under nitrogen or argon atmosphere using standard vacuum-line techniques. Solvents were purified by standard procedures and were freshly distilled prior to use. Melting points were recorded in capillary tubes. FT-IR spectra were recorded on an FT-IR spectrophotometer with KBr pellets. Elemental analyses were performed on a Carlo-Erba model 1106 elemental analyzer. The Electro-spray mass spectra (ES-MS) were performed in a Q-Tof micro (YA-105) mass spectrometer. Mass spectra were obtained with a Platform II single quadrupole mass spectrometer (Micromass, Altrincham, UK) using a CH 3 OH mobile phase. All UVeVis spectra were recorded on a Jasco-570 spectrophotometer. Emission experiments were carried out using a PerkineElmer LS55 luminescence spectrometer.
Syntheses
Caution!: The reactions involving mercury compounds were carried out in a well ventilated fume hood with proper precaution due to their hazardous nature.
Synthesis of compound 9
In a 250 mL three-necked round bottomed flask under N 2 atmosphere, was taken Mg (0.33 g, 13.5 mmol). A few crystals of iodine and 50 mL of THF were added. A solution of 2-(2-bromophenyl)-1,3-dioxolane (3.11 g, 13.5 mmol) in 15 mL THF was added drop-wise with the aid of a dropping funnel for a period of 30 min. The resulting reaction mixture was refluxed for 2 h and then cooled to the room temperature. To the ice-cooled reaction mixture at 0 C, a THF solution of HgBr 2 (4.83 g, 13.5 mmol) was added drop-wise over a period of 1 h. The temperature was allowed to cool to the room temperature. After stirring for 22 h at room temperature, the reaction mixture was treated with 50 mL saturated solution of NH 4 Cl. The organic layer was separated and the aqueous layer was extracted with toluene. Both the organic fractions were combined, dried over anhydrous Na 2 SO 4 , filtered and evaporated under vacuum. The residue was treated with ethanol to yield an off-white solid of 9 (4.08 g, 70% yield). M.p 185e187 C. 
Synthesis of compound 10
In a 250-mL two-necked flask containing100 mL acetone, was added compound 9 (4.08 g, 9.5 mmol), p-toluenesulfonic acid monohydrate (0.20 g, 1.1 mmol) and refluxed for 5 h. The volume of the reaction mixture was reduced to 20 mL on a rotary evaporator and distilled water was added to it. The precipitate so obtained was filtered, washed with distilled water and dried under vacuum to get (2-formylphenyl)mercury(II) bromide as a off-white solid. It was further purified by recrystallization with ethanol (3.45 g, 66% yield). M.p 170e172 C. Anal. Calcd for C 7 
Synthesis of compound 11
In a 50 mL two-necked round bottomed flask, (2-formylphenyl) mercury(II) bromide 10 (0.200 g, 0.52 mmol) was taken and 12 mL of absolute ethanol was added. The reaction mixture was refluxed to give a clear solution. To this clear solution, an ethanolic solution (6 mL) of aniline (0.048 g, 0.52 mmol) was added drop-wise over a period of 8 min. After complete addition of the amine solution, the resulting clear solution was refluxed with stirring, at w100 C for 48 h. Then the volume of the pale yellowish solution was reduced and kept at room temperature. The off-white crystalline product was collected by filtration, washed with small amount of ethanol, dried under vacuum (0.16 g, 66% yield). M.p 140e142 C. Anal. Calcd for C 13 
Synthesis of compound 12
A 50 mL two-necked flask was charged with (2-formylphenyl) mercury(II) bromide (0.200 g, 0.52 mmol) in 12 mL of absolute ethanol. To this solution, an ethanolic solution (5 mL) of N, Ndimethylethylenediamine (0.046 g, 0.52 mmol) was added dropwise over a period of 8 min with vigorous stirring. After complete addition of the amine solution, the resulting colorless solution was refluxed at 100 C for 28 h. The pale yellow solution obtained was reduced under vacuum and kept at room temperature for crystallization. The resulting microcrystalline solid was collected by filtration, washed with ethanol and dried under vacuum (0.14 g, 61% yield). M.p 144e146 C. Anal. Calcd for C 11 
Synthesis of compound 13
In a two-necked 50 mL round bottomed flask containing 12 mL of absolute ethanol, was added (2-formylphenyl)mercury(II) bromide (0.20 g, 0.52 mmol). On heating the reaction mixture to 60 C, a colorless solution was obtained. To it was added dropwise an ethanolic solution (9 mL) of 3-amino-1-propanol (0.04 g, 0.52 mmol) over a period of 10 min. The reaction mixture was refluxed for a period of 52 h to obtain a pale yellowish solution. Then the volume of the reaction mixture was reduced to 5 mL on a rotary evaporator and kept at room temperature to obtain colorless crystals of 13. The lumps of colorless crystals of 13 were collected by filtration, washed with cold benzene, hexane and dried under vacuum (0.16 g, 70% yield). M.p 112e114 C. Anal. Calcd for C 10 Although, the FT-IR spectrum showed peak for OH group, in 1 H
NMR spectrum the peak due to OH proton could not be observed.
Synthesis of compound 14
In a 50 mL, two-necked round bottomed flask, fitted with condenser, hydroxylamine hydrochloride (0.049 g, 0.70 mmol) and NaOH (0.028 g, 0.70 mmol) were taken and dissolved in 5 mL of methanol by stirring at room temperature. This solution was added to a vigorously stirred, methanolic (12 mL) suspension of (2-formylphenyl)mercury(II) bromide (0.275 g, 0.71 mmol). The stirring was continued for 4 h at room temperature. The resulting pale yellowish solution was filtered and the solvent was removed completely under reduced pressure. The off-white solid was thoroughly washed with distilled water and dried under vacuum (0.26 g, 91% yield). M.p. 182e185 C. Anal. Calcd for C 7 
Synthesis of compound 15
To a 50 mL two-necked flask containing 14 mL of absolute ethanol at 70 C, (2-formylphenyl)mercury(II) bromide (0.22 g, 0.57 mmol) was added. To the colorless solution, an ethanolic solution (5 mL) of ethylenediamine (0.017 g, 0.28 mmol) was added drop-wise for a period of 5 min. After complete addition of the amine solution, the reaction mixture was refluxed 5 h. Then the reaction mixture was filtered hot, washed with hot ethanol and dried under vacuum to obtain 15 as white solid (0.156 g, 69% yield). M.p. 263e264 C. Anal. Calcd for C 16 
Synthesis of compound 16
To a 50 mL two-necked flask charged with 12 mL of absolute ethanol at 70 C, (2-formylphenyl)mercury(II) bromide (0.20 g, 0.52 mmol) was added and dissolved to obtain a clear solution. To this colorless solution, an ethanolic solution (5 mL) of trans-1,2-diaminocyclohexane (0.029 g, 0.26 mmol) was added drop-wise for a period of 5 min. After complete addition of the amine solution, the reaction mixture was refluxed 7 h at 102 C. Then the reaction mixture was filtered hot, washed with hot ethanol and dried under vacuum (0.114 g, 52% yield). M.p 246e248 C. Anal. Calcd for C 20 
Synthesis of compound 18
In a 50 mL two-necked flask, was taken (2-formylphenyl)mercury(II) bromide (0.30 g, 0.78 mmol), 20 mL of absolute ethanol and was heated to 70 C. To this solution, an ethanolic solution (6 mL) of tris-(2-aminoethyl)amine (0.038 g, 0.26 mmol) was added dropwise at w100 C for a period of 5 min. The reaction content was refluxed at the same temperature for 24 h. Then the reaction mixture was filtered hot, washed with ethanol and dried under vacuum to obtain 18 as an off-white solid (0.19 g, 58% yield). M.p. 202e204 C. Anal. Calcd for C 27 
X-ray crystallography
All measurements for 10, 11, 12, 17, 18 were made on Oxford Diffraction Gemini diffractometer and data collection for 13 was performed on Bruker APEX 2 diffractometer. Data were collected using a graphite-monochromated Mo Ka radiation (l ¼ 0.71073 Å). The structures were solved by direct methods and full matrix leastsquares refinement on F 2 (program SHELXL-97) [34, 35] . Hydrogen atoms were localized by geometrical means. A riding model was chosen for refinement. Crystallographic data and refinement details are given in Tables 3 and 4 .
Computational details
Electronic structure calculations were performed with the Gaussian 03 program [36] by employing the DFT method. All geometries were optimized using Becke three-parameter hybrid exchange functional and LeeeYangeParr's gradient corrected correlation functional (B3LYP); 6e31G* basis set was used for H, C, N, O, Br where as SDD basis set with corresponding effective core potential were used for the Hg atom. All stationary points were characterized as minima by evaluating Hessian indices on respective potential energy surfaces. NBO analyses [37, 38] on optimized geometry were performed with SDD basis set for Hg and 6-31G(d) for other atoms as implemented in Gaussian 03. NBO picture was generated by using NBOView Software. Time-Dependent Density Functional theory was employed on optimized geometry for evaluating singlet excited states and corresponding oscillator strengths. Atoms in molecules (AIM) analysis [39] was carried out by AIM2000 [40] on the wavefunction file generated from Gaussian 03. WTBS basis set was employed for Hg and 6e31G* basis set was employed for remaining atoms in AIM analysis.
